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Motivation – Applications for Haptics
• New Mode of Input

Add sense of touch to visual and auditory systems

• Immersive Virtual Reality
Entertainment
Training

• Tele-Robotics
Send robots into unsafe environments
Remote surgery

• Force/Tactile Simulation
Rehabilitation

“Visualization” systems for blind people

Robonaut – NASA JSC
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Haptic Interfaces

http://haptic.mech.http://haptic.mech.nwunwu..eduedu/intro/gallery/intro/gallery/

Virtual TechnologiesVirtual Technologies
Force Feedback Cyber GloveForce Feedback Cyber Glove

Sensable Sensable TechnologiesTechnologies
PhantomPhantom

Immersion Corp.Immersion Corp.
Impulse Engine 2000Impulse Engine 2000

Georgia TechGeorgia Tech
Eye Surgery SimulatorEye Surgery Simulator

Carnegie MelonCarnegie Melon
MagLev MagLev WristWrist

SMUSMU
Pneumatic Haptic InterfacePneumatic Haptic Interface

Iowa State UniversityIowa State University
Force Feedback ExoskeletonForce Feedback Exoskeleton

Challenges To Be Overcome

• Improved Devices: Light, Compact, Intuitive, High Bandwidth 

• Miniature, High Performance Sensors and Actuators 

• Stability Issues for Control System

• Accurate Mirroring of Remote Compliance and Damping
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MEMICA: MEchanical MIrroring using 
Controlled stiffness and Actuators

• Project Seeks to Develop a 
Wearable Haptic Device for 
Use in Virtual Reality and 
Tele-Robotics

• MEMICA Allows Mirroring 
of Remote or Virtual 
Compliance, Damping and 
Forces using an Electro-
Rheological Fluids (ERF) 
Based System

Performing Virtual Reality Medical Tasks 
via the MEMICA Haptic Interface

MEMICA GLOVES

PHANTOM 6D

SEMI-TRANSPARENT MIRROR

LCD MONITOR

Fluoroscopic image

Abdominal  Aortic 
Aneurysms (AAA)
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Electro-Rheological Fluids (ERFs)

• Suspensions of particles 
in an insulating base fluid

• Changes viscosity when 
subjected to an electric 
field

“LID 3354” ER Fluid 
35% of polymer particles in a flourosilicone base oil
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Electrically Controlled Stiffness 
(ECS) Element

Applying field over these 
slots effectively forms a 
closed value

ECS Experimental Set-up
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Experimental Data: No Field

(a) ER Fluid with No Field
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Experimental Data: With Field

(b) ER Fluid With Field Enabled (2 kVolts DC)
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ER Fluid

Ferromagnetic
cylinder

EC1 winding

EC2 winding

Piston 1

Anode plate

Piston 2

Cylinder (Cathode)

Electrically Controlled Force and Stiffness 
(ECFS) Actuator

ECFS Actuator - Components

O-rings

Bottom cap 

Glue

Outer 
cylinder

ERF

core
Solenoid 

Outer shell 
of piston

Piston 
cap

Solenoid 
wires

Channels 
for ERF

Main shaft

Top cap

Minor shaft

Ceramic 
coating

Glue
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Mounting of ECFS Actuators on Fingers

Sequeezing
velcro

Flexibles
metal strip

Finger phalange
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Joint

Hall sensor

Adjustable ring

Load cell
and
Hall sensor Load cell

ECFS Actuator
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Different Exoskeleton Mechanisms

��������
��������
��������
��������
��������

������������������
������������������
������������������

ECFS Actuator

Joint

Curved sliding rail���������
���������
���������
���������
���������

������������������
������������������
������������������

Arched ECFS Acutor

Joint

Sensor ��������
��������
��������
��������

������������������
������������������
������������������

ECFS Actuator
Adjustable tendon

Load cell



10

ECFS Actuators on a MEMICA Glove

MEMICA System Overall View
Integration of MEMICA with 
ReachIn Display and PHANTOM 
Devices
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Current Work

• ERF Based Haptic Interfaces for Vehicle Control

• ERF Based Exercise Equipment for Astronauts

Contributors
Current Members

Dr. Yoseph Bar-Cohen, Jet Propulsion Laboratory
Avi Fisch, Graduate Student, NASA Fellow

Past Members
Dr. Mourad Bouzit
James Celestino
Jamie Lennon
Alex Paljic
Charles Pfeiffer
WilsonWan
Sarah Young



12

Acknowledgements

Jet Propulsion Laboratory

NASA Graduate Student Researcher Program

SROA Program / Rutgers University


